INTRODUCTION
The comprehensive sequencing of human and other important genomes has immensely enhanced our insight into the cellular machinery of higher organisms 1 . This has largely been accomplished by the innovations in large-scale analysis of mRNA expression, through the advent of high-throughput technologies such as microarrays, serial analysis of gene expression and differential display 2 . Similar methods for the analysis of global protein expression using high-throughput gel-and non-gel-based protein fractionation techniques coupled to protein identification by highthroughput tandem mass spectrometry (MS/MS)-based automated software algorithms have evolved gradually over the last few decades to their present state [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . These techniques are essential for expanding our understanding of the intricate orchestration of cellular events and for enabling synthesis of the genome with proteome data in health and disease. The necessity to evaluate the proteome is based on the knowledge that higher organisms have several means for controlling cellular function and that proteins mediate the greater part of biological events in the cell, even though certain RNAs can act as effector molecules. However, there are several factors that prevent the linear association of RNA and protein levels (transcription to translation) 15, 16 , including single genes that can be translated in several protein products, differential responsivity of mRNA and proteins to intra-and extracellular stimuli, post-transcriptional changes in mRNA (alternative splicing, RNA editing), post-translational modifications of proteins that affect functionality and trafficking (phosphorylation, glycosylation, methylation, palmitoylation) 17 and, most recently, the discovery of microRNAs, which regulate the conversion of mRNAs to proteins [18] [19] [20] . To evaluate comprehensively the cellular alterations in health and disease, it is essential to determine the alternations in proteins in as complete a manner as possible 21 . To harness the vast amount of proteomic information available in the cell, there has been an expansion and development of various separation chemistries, mass spectrometry (MS) and bioinformatics [22] [23] [24] . Rather than traditional approaches such as Western blot analysis or immunocytochemical techniques, which examine one or a few proteins at a time, the development of proteomic technologies has enabled the concurrent examination of large numbers (thousands) of proteins in multiple samples. Technologies that allow simultaneous assessment of multiple samples in a quantitative manner (i.e., expression proteomics) have become the preferred approaches 25 . Gel-based and MuDPIT approaches have enabled important advances in the measurement of protein expression alterations in normal and disease states and provide complementary analysis of proteins within samples 22, 26 .
2DGE is a widely used separation method in which proteins are first separated by isoelectric focusing (IEF) and then by molecular mass in the second dimension on application of an electrical potential across a solid-based gel. In general, approximately 1,000-2,000 protein spots can be visualized on a gel, depending on the visualization technique, the pI range of the first dimension and the size of the 2DGE. Some of the inherent caveats/disadvantages associated with 2DGE are as follows: (i) many protein spots are likely comprised of multiple proteins; (ii) individual proteins may migrate as multiple spots based on differential digestion; (iii) labor-intensive image analysis requires gel matching and manual removal of artifacts, (iv) poor spot resolution at higher pI values, (v) difficulty in electrophoresing large and hydrophobic proteins in the first dimension separation; and (vi) extreme acidic and basic proteins are not well represented 27 . The technical variability seen with 2DGE is due to sample preparation, sources of reagent, staining methods, image analysis software and individual experimenter variability, and contributes a coefficient of variation of approximately 20-30% 28 .
One of the recent technical advances in 2DGE has been the development of the multiplexing fluorescent 2D-DIGE method 11 , which relies on direct labeling of the lysine groups on proteins with cyanine (Cy) dyes before IEF. A critical aspect of the use of 2D-DIGE technology is the ability to label 2-3 samples with different dyes and electrophorese all the samples on the same 2D gel, thus reducing spot pattern variability and the number of gels in an experiment and yielding simple and accurate spot matching. The CyDye DIGE Fluor minimal dye has an N-hydroxysuccinimidyl ester reactive group (Fig. 1) . It is designed to form a covalent bond with the epsilon amino group of lysine in proteins via an amide linkage. The single positive charge of the CyDye replaces the single positive charge of the lysine at neutral and acidic pH, keeping the pI of the protein relatively unchanged. The labeling reaction is dye limiting and the ratio of CyDye and the sample (100-300 pmol:50 mg) ensures that the dyes label approximately 1-2% of lysine residues. Therefore, each labeled protein carries only one dye label and is visualized as a single protein spot. It should be noted that CyDye labeling adds a mass of approximately 500 Da to labeled proteins; however, this addition does not affect the 2D gel pattern, as all visualized proteins are labeled. ''Minimal'' labeling is performed to tag only one lysine residue in each protein to prevent the vertical train of spots due to the added mass of each fluorophore and to prevent protein precipitation due to increased hydrophobicity. The ratio has been optimized to label the less abundant proteins, at the same time keeping the highly abundant proteins in the linear dynamic range for quantitative image analysis. The labeling reaction is quenched by the addition of lysine.
The more popular experimental design for 2DIGE is the use of a pooled internal standard (sample composed of equal aliquots of each sample in the experiment) labeled with the Cy2 dye and labeling the control and the diseased/treatment groups with either Cy3 or Cy5 dyes counterbalanced across the samples (Fig. 1) . The internal standard is essential for assessing biological and experimental (between gels) variations and increasing the robustness of statistical analysis. The individual protein data from the control and diseased/treatment (Cy5 or Cy3) samples are normalized against the Cy2 dye-labeled sample, Cy5:Cy2 and Cy3:Cy2. The CyDye-labeled proteins, fractionated by 2D-DIGE, are scanned by a Typhoon variable mode imager. Sequential scanning of Cy2-, Cy3-and Cy5-labeled proteins is achieved by the following laser/emission filters: 488/520, 532/580 and 633/670nm, respectively. Scanned images of fluorescently labeled proteins are sequentially analyzed by differential in-gel analysis (DIA; performs Cy5/Cy3:Cy2 normalization; Fig. 2 ) followed by biological variation analysis (BVA; performs inter-gel statistical analysis to provide relative abundance in various groups; Fig. 3 ). Log abundance ratios are then compared between control and diseased/treatment samples from all gels using the chosen statistical analysis (e.g., t-test and ANOVA) from software packages such as DeCyder (GE HealthCare) or Progenesis (Nonlinear) [29] [30] [31] . 2D-DIGE offers the most reliable quantitation of any 2DGE method, is comparable in sensitivity to silver staining method and is compatible with the downstream MS protein characterization (as most lysine residues remain untagged and are accessible for tryptic digestion). This method has the advantage of being able to quantify the protein spots that are uniquely present in one group owing to the presence of an internal standard. The accuracy of quantitation as well as the statistical confidence obtained for the differentially regulated gene products is significantly greater with 2D-DIGE than with 2DGE, although one caveat is ambiguity for lower abundance protein spots 3, 31, 32 . A significant caveat of the approach is that proteins with a high percentage of lysine residues are possibly labeled more efficiently than proteins with few or no lysines. Therefore, the possibility remains that a high-abundance protein spot in the conventional 2DGE can be a medium-or even low-abundance protein in 2D-DIGE owing to low lysine content. The lesser abundance proteins detected by 2D-DIGE are mostly unidentifiable, owing to the limitations of the current in-gel digestion as well as the detection limits of most of the currently available mass spectrometers. Another potential drawback of 2D-DIGE is that the fluorophores, equipment and software are currently proprietary to GE Healthcare and therefore may be financially limiting for academic labs. Nonetheless, the 2D-DIGE approach offers tremendous promise and has been used increasingly by researchers to address a wide range of biological questions, including substance abuse 3 and other psychiatric illnesses [33] [34] [35] , hematology/oncology [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] , toxicity [50] [51] [52] [53] , as well as proteomic profiling in eukaryotic [54] [55] [56] [57] and prokaryotic cells [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] . The image analysis has to be iterated at some steps for optimal generation of quantitative expression data based on the images generated by particular samples. In this stage of image analysis, a single gel consisting of three images is processed for spot co-detection. In this module, the spot volumes are normalized to the normalization pool: Cy3/Cy2 and Cy5/Cy2. After normalization, the volume ratios are generated as Cy3/Cy5. It can be appreciated in the figure that the vast majority of protein spots are constitutively expressed (E90% protein spots: green boundaries) as opposed to the differentially regulated protein spots, in accordance with normal distribution.
PROCEDURE Preparation 1| Precipitate the protein sample using the 2D clean-up kit according to the manufacturer's recommendations at À20 1C overnight.
2|
The next day, pellet the sample by centrifugation at 13,400g for 5 min at 4 1C and air-dry the pellet for 2 min. m CRITICAL STEP The pellet will not dissolve in sample buffer if over-dried.
3|
Resuspend the pellet in adequate rehydration buffer. Start by adding 50 ml of sample buffer and add additional 10 ml volumes until the pellet dissolves. m CRITICAL STEP Add DTT and IPG buffer fresh to the rehydration buffer.
4| Determine the protein concentration using the 2D-Quant kit. It is compatible with the reagent concentration in the sample buffer.
5| Make sure that the protein concentration is in the range of 5-10 mg ml À1 by adequately concentrating or diluting the samples.
6| Prepare a normalization pool (standard pool) comprising equal amounts from all the samples present in the two conditions to be compared. m CRITICAL STEP Make sure that each sample from both the conditions is used in the exact same amount to make up the internal standard. This is crucial, so that every protein in the experiment has an internal standard and for the following to be true, ''This method has the advantage of being able to quantify the protein spots which are uniquely present in one group due to the presence of internal standard'' .
7| Check the pH of all the samples by adding a very small amount of sample (3 ml) to a pH indicator strip. Make sure that the sample pH is between 8.0 and 9.0. Usually you have to increase the pH using 0. Confirmation of automatic matches Figure 3 | Schematic of DeCyder BVA. The figure shows a schematized step-by-step protocol that can be adapted for BVA. This module primarily allows comparison of multiple gels. The most important processing done BVA is to match the protein spots across all the gels and images. After image matching, the volume information from DIA is used to generate average ratios for each protein spot for subsequent statistical analysis (t-test or ANOVA) to generate a list of differentially regulated protein spots with statistical significance in their expression. This module allows the user to visualize the 2D and 3D images of individual protein spots with differential expression as well as their within-group variability.
8| Reconstitute the CyDye DIGE Fluor minimal dye in 10 ml of DMF by centrifuging at 12,000g for 30 s to make a stock of 1,000 pmol ml À1 . Ensure that the dye has a deep color at this point (Cy2-yellow, Cy3-red and Cy5-blue). Wrap the tubes in aluminum foil and return to À20 1C until needed for use. m CRITICAL STEP Ensure that the DMF is water free as the reactive groups of the dyes are very water-sensitive. Once reconstituted, the Cy dyes should be used within 3-4 weeks, ensuring water-free storage conditions (e.g., use silica gel).
9|
Create a working solution of 200 pmol ml À1 of CyDye by adding 4 ml of DMF to 1 ml of stock solution. Based on the protein quantitation, label 50 mg of each sample from conditions 1 and 2 with 1 ml of working solution of either Cy3 or Cy5 dye in such a way that Cy3 and Cy5 are swapped equally among the samples from the two conditions (Fig. 1) . At the same time, label an aliquot of 50 mg of internal standard sample with 1 ml of working solution of Cy2 label to be mixed with corresponding aliquots of Cy3-and Cy5-labeled samples for each gel. Mix the sample and dye by vortexing vigorously and keep the sample on ice for 30 min in the dark. m CRITICAL STEP A preliminary study has to be performed to ensure optimum labeling of the comparatively less abundant protein spots while still maintaining the most abundant protein spots in the dynamic linear range for quantitative image analyses. A range of ratios for protein concentration:CyDye amount (50 mg: 100 pmol to 50 mg: 400 pmol) should be tested to ensure the optimal ratio for the sample of interest.
10| Now add 10 ml of 10 mM lysine to each sample to quench the labeling reaction. Vortex, centrifuge at 13,400g for 10 s and keep on ice for 10 min. ' PAUSE POINT The labeled samples can be stored at À70 1C for up to 3 months.
11| At this stage, matched samples from conditions 1 and 2 (labeled with Cy3 or Cy5) along with an aliquot of internal standard (labeled with Cy2) should be pooled together. Thus, each 2D gel will have three labeled samples: one each from internal standard, and conditions 1 and 2. This is unique to 2D-DIGE when compared with traditional 2DGE.
12| Create a sample for the 'pick gel', with equal amounts of all the samples (conditions 1 and 2) mixed together to make up 750-950 mg, combined with 50 mg of Cy2-labeled internal standard.
13| Add adequate rehydration buffer to make the volume of the samples prepared in Steps 11 and 12 up to 450 ml and add 50 ml of Destreak rehydration buffer. The samples are ready for IEF. m CRITICAL STEP The length of the pH strip, its pH range as well as the IEF setup should be empirically determined to provide the best possible resolution for your sample of interest. ' PAUSE POINT The Immobiline DryStrips can be stored at À70 1C for up to 3 months. Ensure that the strips are kept in a rigid container, as the frozen strips are very brittle.
15| Equilibrate the IEF DryStrips to reduce the disulfide bonds by gently rocking them in 10 ml of reducing buffer/strip for 10 min. Immediately after this, alkylate the -SH groups of proteins by gently rocking the proteins in 10 ml of alkylating buffer/strip for 10 min. The SDS in the buffers also helps the proteins to acquire a negative charge, which drives their migration under the electrical current. Before proceeding to the next step, rinse the IEF strip in the SDS electrophoresis running buffer. m CRITICAL STEP Use fresh DDT and iodoacetamide in the reducing and alkylating buffers, respectively. Do not exceed the stipulated times of alkylation and reduction, as there is a possibility of protein loss. Perform this step as close as possible to running the second dimension. 16| Prepare a 0.6% agarose overlay solution by heating. Slowly pipette the agarose solution, making sure that no bubbles are introduced, up to the top of the glass plate of a pre-cast 8-15% gradient SDS-PAGE. Place the IEF strip between the glass plates and push it with a thin plastic spacer ensuring that the IEF strip rests on the SDS-PAGE. m CRITICAL STEP Avoid the cooling and solidifying of agarose before inserting the IEF strip. Avoid inserting any bubbles between the IEF strip and the SDS-PAGE. Ensure that low-fluorescence glass plates with a reference marker are used. This is critical for the background pixel values of the scanned images to be at the lowest possible. Also ensure that all the pre-cast gels are from the same batch to avoid variability in the second dimensional fractionation of proteins. Ensure that the agarose has solidified before starting the second dimension run.
17| Fill the buffer tank of the Ettan Dalt II System with SDS electrophoresis running buffer and cool it to 15 1C. At 15 1C, load wet gel cassettes (with IEF strips) along with blank cassettes (depending on the number of gels to be run on a unit that is capable of running 12 gels at a time). Once all the cassettes are in place, pour running buffer to attain a level in the tank that is mid-way between the minimum and maximum permissible levels. The proteins are then separated on the basis of their molecular weight at 4 W overnight until the bromophenol blue dye front reaches the bottom of the gel.
18| Fix the slab gels, 2D-DIGE (if 'n' Z10 gels) and the 'pick gel', overnight in fixing solution followed by washing the gels twice with distilled water (DW; 500 ml) for 10 min per wash. After fixation, stain the 'pick gel' overnight with 500 ml of SyproRuby TM stain. The next day, wash away excess stain by washing two times for 10 min each with destaining solution 29 . Alternatively, DeepPurple TM can be used as a post-stain for the 'pick gel' . This stain has some advantages over SyproRuby TM with regard to the success of protein identification 68 .
19| Scan the gels using a Typhoon 9400 scanner at 100 mm resolution, as elaborated in the equipment setup. The first step is to perform a quick pre-scan at 500 mm resolution to figure out an optimal photomultiplier tube (PMT) value. Once a PMT value is noted for each channel, which gives the desired pixel intensity, measured by ImageQuant, the gels should be scanned at 100 mm resolution. m CRITICAL STEP It is essential that the maximum pixel intensities of all the three images do not differ from each other by more than 10,000-15,000. If the most intense protein spot is saturated (4100,000), the gels should be re-scanned using a lower PMT value to bring all the protein spots in the linear dynamic range. This is crucial to obtain any meaningful quantitative comparison between the gel images.
20| Analyze the image using the DeCyder TM software (Fig. 2) . The DIA should be used for intra-gel analysis for protein spot detection as well as for normalization of Cy3 and Cy5 gel images with respect to the Cy2 image. After spot detection, the abundance changes are represented by the normalized volume ratio (Cy3:Cy2 and Cy5:Cy2). m CRITICAL STEP Make sure that extraneous protein spots are removed and that all true protein spots are included by manually examining all the protein spots detected. The eventual quantitative data are very robust if this is adhered to strictly, even though it is a time-consuming process. On the basis of experience for our system, the following spot filtering parameters help us significantly in reducing the time required to achieve the above: slope 41.0, area o350, peak height o350 and volume o100,000. These can be optimized for a particular system based on the distribution of protein spots and their intensities.
21| Use the BVA for inter-gel analysis (Fig. 3) . After manually landmarking all the gels, the remaining protein spots should be matched in the automatic mode. The protein spot matches should then be confirmed manually for all the gels. A Student's t-test should be applied to generate a list of protein spots that were differentially regulated between conditions 1 and 2. The Protein Statistics section included in the BVA can also be used for two-way ANOVA between conditions 1 and 2 as well as for one-way ANOVA between different groups, if more than two conditions have been included in the study. A significant caveat is that for lower abundance protein spots, the statistical significance of the data will not always be true and should be validated by other confirmatory techniques such as western blotting.
22|
The protein spots of interest, differentially as well as constitutively regulated, should be picked by a Spot Picking Ettan TM Spot Handling Workstation. Differentially expressed spots provide information about proteins that may be regulated in the experimental or disease state. Constitutively expressed spots provide a more complete assessment of the proteome of interest, to account for normal variation in proteomic assessment between samples and build the sequence databases for the organism and tissues of interest. m CRITICAL STEP The calibration of the Z-dimension is very crucial, as the head can be easily damaged if the proper configuration is not achieved. It is a good idea to program a critical parameter to avoid the head from being critically damaged. Also, one has to be careful to place the 2D gel holders and gel plug well plates in the correct location according to the particular programmed run. Otherwise, the robotics will not function properly and will require tedious and time-consuming efforts to re-baseline the equipment.
Processing for mass spectrometric analysis 23| Wash the gel plugs twice for 20 min using 50 mM ammonium bicarbonate/50% (vol/vol) methanol in water. Follow it with one more wash with 75% (vol/vol) ACN in DW for 30 min or until the gel plugs turn opaque. Dry the gel plugs in a SpeedVac at 40 1C for 10 min and cool the samples to room temperature (25 1C) before proceeding.
24| If reliable mass spectral data are not obtained, first reduce the samples by incubating at 56 1C for 45 min in 40 ml of 50 mM DTT/100 mM ammonium bicarbonate. Discard the solution and cool the samples. Then, immediately alkylate the samples by adding 40 ml of 100 mM iodoacetamide and incubating them at room temperature for 30 min in the dark. Discard the solution.
25| Give a final wash by adding 100 ml of 50 mM ammonium bicarbonate/50% (vol/vol) methanol in water for 10-15 min at room temperature. Dry the gel plugs by vacuum centrifugation.
26| Incubate the gel plugs overnight (12-16 h) at 37 1C in 140 ng of sequencing grade trypsin and transfer the supernatant to a low-retention 96-well plate.
27| Extract the peptides from the gel pieces twice sequentially using 100 ml of extraction buffer (50% (vol/vol) acetonitrile and 0.1% (vol/vol) TFA in DW) and pool it with the above supernatant. Dry the combined supernatants by vacuum centrifugation.
28| Dissolve the dried peptides from each gel plug in 5 ml of 50% (vol/vol) acetonitrile and 0.1% TFA in DW and deposit 0.5 ml on the stainless-steel MALDI target plate. After air-drying the protein spot, add to each spot 0.5 ml of 6 mg ml À1 of a-cyano-4-hydroxy-cinnamic acid in 50% (vol/vol) acetonitrile and 0.1% TFA in DW.
Mass spectrometry using Applied Biosystems 4700 Proteomics Analyzer 29| Perform MS on each protein spot as elaborated. The mass spectrometer should be used in reflector mode for positive ion detection. The MS spectra should be accumulated by at least 2,000 laser shots. The laser wavelength and the repetition rate should be 355 nm and 200 Hz, respectively. The peak detection criteria should be the following: minimum S/N of 8; a local noise window width (mass/charge (m/z)) of 200; and a minimum peak width at full-width half-maximum (bins) of 2.9. The mass spectra should be calibrated using at least two of the tryptic auto-digest products: fragment 100-107 ( . After acquiring the mass spectra for peptide fragments, the ten most intense precursor ions should be selected for acquiring MS/MS spectra 14 . The criteria used to filter the monoisotopic precursor for the MS/MS should be the following: a minimum S/N of 25; exclusion of the most commonly observed peptide peaks for trypsin and keratin; and exclusion of the precursors within 150 resolutions. In the TOF1 stage, all ions are accelerated to 1 kV under conditions promoting metastable fragmentation. The peak detection criteria that should be used are the following: S/N of 8 and local noise window width of 250 (m/z).
30| Submit the mass lists from MS and MS/MS to GPS Explorer, which primarily uses a MASCOT search engine to search against the appropriate species database from NCBI. The parameters that should be used are that one allowed missed cleavage, ±50 ppm for m/z error for MS and 0.1 Da m/z error for MS/MS, partial modification of cysteine (carbamidomethyl-cysteine) and methionine (oxidized). The identification of protein is confirmed when the MASCOT confidence interval is greater than 95%. The protein mass and pI accuracy on the 2D gel can also be used as a good guide to confirm protein identification. Ensure the use of the same buffer from a single tube for all the samples rather than different aliquots of buffer for different samples.
Unexpected protein spots in some samples.
Sample contamination before labeling. Ensure clean conditions for all the equipment used, also wear gloves and a full-sleeve gown during all steps of sample handling. Weak fluorescent signal.
Inappropriate dye:protein ratio. Run a preliminary 1D gel with various dye:protein ratios to find the ratio suitable to give adequate signal. Low sample pH before labeling.
Check sample pH immediately before labeling and ensure it is 8.5. Less than adequate quality of DMF.
The DMF used should be 499.5% pure and anhydrous. Use a bottle that has been opened in the last 3 months. DTT (thiol agents) and ampholytes (primary amines) compete with the CyDye labeling.
Ensure that DTT and the ampholytes do not exceed the recommended concentrations. Alternatively, the amount of dye used can also be increased.
No fluorescent signal for one CyDye.
Probably no dye was present in the vial. A preliminary scan of an extremely small drop of CyDye directly on a glass plate is warranted to ensure the presence of dye.
Isoelectric focusing Desired voltage/current is not attained.
The electrical circuit is incomplete.
Ensure that the external electrodes of the gel-holding trays are in contact with the appropriate electrodes of the IPGphor. Ensure that the gel is in contact with the internal electrodes of the gel-holding tray. The IPG DryStrip is not dehydrated for the appropriate time.
Add more rehydration buffer and increase the rehydration time.
Inappropriate concentration of ampholytes.
Use a concentration of 1% (vol/vol) ampholytes.
Inadequate protein focusing.
High concentration of salts in the lysis buffer.
Perform a sample clean-up by using the 2D clean-up kit or acetone precipitation.
SDS-PAGE Charge trains on the second dimension.
Carbamylation of proteins.
All solutions containing urea should be freshly prepared and not heated above 30 1C. Try not to store the sample in a urea-containing buffer for a longer period. + Suboptimal IEF. Perform a sample clean-up by using the 2D clean-up kit or acetone precipitation. Increase the volt-hours for IEF. High sample load.
Adjust the total sample loaded on one gel by appropriate adjustments in all the three CyDye-labeled samples. The loading amount will be dictated by the size of the second dimension.
Vertical streaks. Inappropriate SDS. Use appropriate SDS during gel preparation and in running buffer.
ANTICIPATED RESULTS
Using as little as 75 mg of protein per sample, the 2D-DIGE is can compare quantitative expression levels of 1,000-2,000 unique proteins between two different phenotypic cells, and this is dependent on the cellular fraction, the pI range and the size of the 2DGE used for the experiment (Fig. 1) . For identification of proteins of interest, however, additional protein (at least E50-150 mg per sample) is needed for running a 'pick gel' . Post-staining the 'pick gel' with SyproRuby TM /DeepPurple TM dyes is necessary to decide which protein spots should be processed for mass spectrometric analysis. A protein spot with staining intensity more than 9.80Â10 5 gives reliable identification of protein by MS. Clean the gel plates and the scanner platform.
Image analysis All the spots are not detected during spot detection of DIA.
The areas outside the gel are detected as spots rather than the gel.
Crop the gel image so as to remove areas extraneous to the gel image.
Less number of spots specified for detection.
Increase the number of spots to be detected during spot detection.
Spot matching not possible across gels in an experiment.
Similar conditions were not maintained during sample preparation and 2-D separation of proteins across samples.
The most common culprit is the use of IEF DryStrips and second-dimension gel from different batches. Ensure the use of gels from the same batch.
Sample preparation and MS
Inappropriate picking of gel spots.
Reference markers not marked in the correct order.
Always select the reference marker on the left first, followed by the one on the right. Low signal on MS.
Low starting material of protein spot. Run multiple pick gels, combine similar protein spots from multiple gels and process them as a pool. Incomplete trypsin digestion.
Possibly due to incomplete unfolding of proteins in gel. Repeat reduction-alkylation before trypsin digestion. The ammonium bicarbonate used for trypsin reconstitution interferes with ionization.
Perform a ZipTip C18 clean-up. Alternatively, the sample can be washed on-plate with ice-cold 0.1% TFA.
Matrix suppression of signal.
Reduce the amount of matrix used for spotting of sample on the MALDI plate.
No protein identification after database search.
Mass spectrum not calibrated. Calibrate the mass spectrum using the tryptic auto-digest fragments as described in PROCEDURE. Incorrect use of species.
Use the right species corresponding to the one used for the study in question. Database of the species incomplete.
Perform de novo sequencing. Another option is to perform a broader database search. Too stringent conditions for database search.
Use less stringent conditions for database search: allow for 1-2 trypsin cleavages, relax the mass error for MS to 100-200 ppm and MS/MS to 0. 
